AR. Cannabis use and symptom severity in individuals at ultra high risk for psychosis: a metaanalysis.
Introduction
Cannabis is one of the most frequently used illicit drugs worldwide (1) . It significantly increases the risk of developing a psychotic disorder, particularly among those individuals who use it at an early age (2) (3) (4) , who frequently use high-potency cannabis or 'skunk' (5, 6) and who have a genetic predisposition for psychosis (7) .
People with schizophrenia are more likely to use cannabis and have comorbid substance use disorders than the general population (8) . This increased comorbidity is associated with poor clinical outcomes: increased premature mortality, poor engagement with services and increased rates of hospitalisation (9, 10) . Given the risks of continued substance use, it is important to identify when these problems first emerge. High rates of cannabis use are often observed at an early stage, in people with first-episode psychosis (FEP; (11) ). Yet this unhealthy profile may even predate the onset of full psychotic symptoms, during the ultra high risk (UHR) phase.
Young people at UHR for psychosis (also referred to as 'clinical high risk (CHR)' or 'at-risk mental state') can be identified using operationalised criteria (12) (13) (14) . An individual must fit one, or a combination of the following criteria: presence of attenuated psychotic symptoms, brief intermittent psychotic symptoms or a genetic-risk combined with a recent decline in functioning (15) . Substance use research in the UHR group has mainly focussed on identifying whether cannabis use predicts transition to psychosis. A recent metaanalysis provides evidence for a dose-response relationship, where heavy cannabis use (including abuse or dependence) predicted increased likelihood of later transition to psychotic disorder (16) .
Previous reviews have also explored the prevalence of substance use in the UHR group, (17, 18) . However, the findings of these reviews were largely inconclusive, due to the lack of research available when the searches were conducted, and the main conclusions were that more prospective studies are required before any conclusions can be made regarding substance use in this group. To date, no meta-analyses have been conducted in this area to allow for more robust conclusions, and a metaanalysis comparing cannabis use in the UHR group to healthy controls (HCs) is lacking. Additionally, little is known about the relationship between cannabis use and attenuated positive and negative symptoms in the UHR group. This is despite many studies reporting a link between symptom severity and cannabis use in FEP and schizophrenia (19) . For example, FEP individuals who used cannabis had more severe positive symptoms including hallucinations, suspiciousness and delusions, in addition to other clinical factors such as mania and poor general functioning than noncannabis users (19) .
Thus we aimed to provide robust, up-to-date statistical analyses of the literature examining cannabis use in the UHR group. Therefore, this review aimed to address the following questions: i) Do UHR individuals have higher rates of current and lifetime cannabis use than HCs? ii) Do UHR individuals have higher rates of cannabis use disorders (CUDs) than HCs ? iii) Do UHR cannabis users have higher positive and negative symptoms than non-cannabis using UHR subjects?
Method
This review was conducted according to PRISMA guidelines for reporting systematic reviews (20) .
Study inclusion
Eligible studies were original research articles published in peer-reviewed journals, with populations meeting criteria for being at 'UHR' or 'CHR' (or similarly defined) of psychosis, based on a clinically recognised instrument (21) . Studies reporting the proportion of UHR individuals who claimed to currently use cannabis, or have done so in their lifetime, or having a current/lifetime CUD in accordance with DSM-IV/ICD criteria were included. Studies were also included if they reported positive or negative symptoms in both UHR cannabis users and non-users, as measured by a clinically validated tool. Eligible studies included cross-sectional and longitudinal analyses or intervention studies reporting baseline data on cannabis use in UHR individuals. Studies including only subjects at genetic-risk, case studies, reviews and non-English language articles were excluded. Studies reporting general substance use and not cannabis use specifically were also excluded. Where participant samples overlapped, only the larger sample was included in the review. Where study samples overlapped but reported different outcomes, for example cannabis use and cannabis dependence, both were included in the respective meta-analyses. Authors were contacted if it was unclear whether samples overlapped. To avoid bias, studies using UHR individuals recruited solely from prisons, or young offender institutions were excluded (22) as substance use in these groups tends to be higher than in the general population (23) . 
Study selection and data extraction
Three authors (R.C, J.F & J.C) independently screened articles for eligibility. A tool was developed to extract the following data for eligible studies: (1) study characteristics (author, year of publication, country of origin, study design); (2) sample demographics (sample size, gender composition, mean age); (3) instrument used to assess atrisk status; (4) rate of cannabis use in UHR and control groups (measure, prevalence or sample mean); (5) ICD/DSM CUDs (measure, prevalence); (6) positive and negative symptoms for UHR cannabis users and non-cannabis users (sample size, measure, mean, standard deviation); (7) summary of findings. Studies that included a HC group were assessed for quality using the Newcastle-Ottawa Scale (24), a validated instrument for non-randomised trials and observational studies. The scale utilises a star system to assess selection of participants, comparability of groups and assessment of outcome or exposure of interest. Studies awarded 8-9 stars were classed as high quality, 4-7 medium quality and 0-3 low quality. Any disagreements were resolved through discussion.
Statistical analysis
All statistical analyses were performed using COM-PREHENSIVE META-ANALYSIS Version 3.0 (25) . Proportional meta-analyses using random-effects models were used to estimate logit event rates of current and lifetime cannabis use across the UHR samples. To assess the difference in cannabis use between UHR and HCs, odds ratios were used, and 95% CI were calculated. Standardised mean differences (SMD) were calculated to assess differences in overall positive and negative symptom severity between UHR cannabis users and nonusers using Hedges' g. SMDs were also conducted on individual positive symptoms if reported among three or more samples. Random-effects models were used throughout to account for heterogeneity between studies (26, 27) . Heterogeneity across studies was quantified using the I 2 statistic (28).
Results

Study characteristics
The study selection process is summarised in Fig. 1 . A total of 30 unique citations were included (UHR n = 4205; controls n = 667): 26 studies from the initial search and four additional studies from searching of reference lists (Table 1) . Studies were conducted in 10 countries: Canada (n = 6),
, Germany (n = 1) and Spain (n = 1). Study samples overlapped in three instances; however, different outcomes were included in separate meta-analyses (29) (30) (31) (32) (33) (34) . The majority of studies that included a control group were deemed medium quality, with only one study rated as high quality (35), (see Appendix S1 for individual scores).
Current and lifetime cannabis use
Eighteen studies stated the proportion of UHR individuals who self-reported current cannabis use, defined as any use within the past month, with the exception of one study (39) , which defined current use as any cannabis within the past 3 months. Proportionate meta-analysis revealed that 26.7% of UHR individuals currently used cannabis (n = 3068, 95% CI = 0.22-0.32; I 2 : 85.70%; Fig. 2 ). A sensitivity analysis removing the study which defined current use as cannabis intake within the last 3 months (rather than last month) found that excluding this study had a negligible impact on the results. Comparisons of current cannabis use in UHR and non-UHR control groups indicated that UHR individuals were more likely to be current cannabis users than HCs, although the difference fell short of statistical significance (OR: 1.56; P = 0.08; 95% CI: 0.94-2.57; I 2 : 59.52%; see Appendix S1).
Eleven studies reported lifetime cannabis use. Proportional meta-analyses found that 52.8% of UHR individuals had used cannabis at some point in their lifetime (n = 2251, 95% CI = 0.47-0.59; I 2 : 84.02%). UHR individuals were also significantly more likely to have used cannabis in their lifetime compared with HCs (OR: 2.09; P = 0.037; 95% CI: 1.04-4.19; I 2 : 67.63%; Fig. 3 ).
Cannabis use disorders (CUD)
Eleven studies reported comorbid cannabis abuse or dependence disorders (CUD) in UHR individuals, according to the DSM-IV criteria. Meta-analysis of prevalence rates indicated 12.8% of UHR individuals had a current comorbid CUD (95% CI = 0.09-0.19; I 2 : 90.32%). UHR individuals were significantly more likely to have a CUD than controls (OR: 5.49, P = 0.001; 95% CI:
1.97-15.32; I 2 : 0%). Lifetime CUDs were reported in only two studies and were not included in the meta-analysis (35, 41) . The rates of lifetime CUDs were 12.8% (n = 46) and 26.7% (n = 16) respectively.
Positive and negative symptoms Table 2 displays the effect and sample sizes, heterogeneity statistics and significance values of the relationships between cannabis use and symptoms in UHR individuals.
Scores for total positive symptoms were derived predominantly from overall scores on the positive items of the SIPS (42) . Total positive symptoms did not significantly differ between UHR cannabis users and non-cannabis users. In two studies, UHR cannabis users also included those who had used in their lifetime and removal of these studies did not affect significance levels. When individual items of positive symptom scales were analysed, UHR cannabis users were found to have significantly higher levels of unusual thought content (UTC) and suspiciousness than non-cannabis users, but no differences were found for perceptual abnormalities, grandiosity or levels of disorganised speech (Table 2) . Negative symptoms were reported less frequently, and no significant difference was found for overall scores between cannabis users and non-users.
Discussion
This meta-analysis indicates that UHR individuals have high rates of cannabis use. They are more than twice as likely to have used cannabis in their lifetime compared with HCs. UHR individuals were also more than five times as likely to have a current cannabis abuse disorder compared to HCs. This is particularly problematic given the risks associated with continued cannabis use. Even prior to the onset of psychotic disorders, cannabis use is associated with increased severity of certain positive symptoms, as UHR cannabis users had significantly higher levels of unusual thought content and suspiciousness compared with non-users.
Cannabis use in UHR
We found that 52.8% of UHR individuals reported using cannabis in their lifetime, which is a similar proportion to FEP samples (11) , and higher than that of healthy populations (43) . Indeed, our analyses found significantly higher rates of lifetime cannabis use in the UHR samples than in the HC groups. Meta-analyses also revealed approximately one in four UHR individuals currently used cannabis. We also found high rates of comorbid CUDs in UHR individuals (12.8%). This is slightly lower than that found in people with schizophrenia (16%) (8) . However, it is important to consider that we focused on young people in the UHR phase; that is, those who are putatively prodromal and are not yet experiencing full psychotic symptoms. Therefore, even prior to the onset of psychosis, UHR individuals are likely to engage in risky cannabis use. High rates of cannabis use in this group are perhaps unsurprising given that use of substances is common in young people who present for mental health care (44, 45) and people with early psychosis (11) . As there is evidence to suggest frequent use of high-potency cannabis increases the risk for later transition (5, 6) , it is important that early intervention services encourage substance use reduction upon first presentation. A previous review and meta-analysis found that UHR individuals are significantly more likely to smoke, abuse alcohol and have lower levels of physical activity than their peers (46) . Here, we add to this evidence to suggest that this group is also more likely to have used cannabis or have a CUD, posing an additional risk factor to both physical and mental health.
Cannabis use and symptoms
Our meta-analysis is the first to find a statistically significant association between UHR cannabis use and more severe positive symptoms (unusual thought content and suspiciousness). This is in line with previous research in people with FEP. For example, the use of cannabis at the time of, and after FEP, is associated with increased positive symptoms and poorer psychosocial functioning and long-term outcome (10, 19) . It also supports the findings of Valmaggia et al. (40) where UHR participants often reported that they stopped using cannabis due to exacerbation of positive symptoms. Similar to Seddon et al. (2016) , we also found no association between cannabis use and negative symptoms. We were unable to analyse individual negative symptoms due to a lack of available data. As such, analysis of global symptom domains may have masked any differences in individual symptoms.
We can only speculate about the reasons for the association between cannabis and increased positive symptoms. Positive symptoms may occur as a direct result of substance use. Indeed, cannabis can induce symptoms of psychosis in healthy populations, and may therefore influence symptom severity in the UHR group (47) . Alternatively, those with more pronounced positive symptoms may be more likely to self-medicate using substances such as cannabis (48) . However, a study by Gill et al., (37) found that mood enhancement was the primary reason for cannabis use reported by UHR individuals. Therefore, it could be used as a way to alleviate other symptoms such as anxiety or low mood (45) that are frequently found in the UHR group (49, 50) . Another possibility is that a separate factor is driving the increase in positive symptoms. Our meta-analysis does not take into account potential confounders, such as alcohol or other substance use. Cannabis users are significantly more likely to engage in use of other substances, which may contribute to severity of positive symptoms (51) . For example, a recent cohort study found alcohol confounds the relationship between cannabis use and transition to full-threshold psychotic disorders (31) . We were also unable to account for the last time a person used cannabis across all studies. Therefore, increased positive symptoms could be due a result of the acute, intoxicating effects of cannabis.
From the studies included in our analysis, we were unable to account for the strength of cannabis young people were using. This may have been why we only found a significant difference for two of the positive symptoms. People with psychosis are more likely to use high-potency cannabis or 'skunk' (52) . As high-potency cannabis has been shown to have the most harmful effects for both mental and physical health, it may be that those using the strongest forms of cannabis experience more severe symptoms. Similarly, the adverse health effects of synthetic cannabinoids such as 'spice' have been recognised, with the increased risk for psychotic-like experiences being a primary area of concern (53). As there has been a recent rise in the use of synthetic cannabinoids, more research is required to establish the effect these have on mental health as well as the patterns of use in people with emerging mental health difficulties.
Clinical implications
Irrespective of causation, high rates of cannabis use in the UHR group carries important clinical implications. Although many UHR individuals will not develop full-threshold psychosis, they may go on to have anxiety, mood or substance use disorders (50) , and continue to function poorly regardless of transition or symptomatic remission (54, 55) . Therefore, it is important to address any comorbid disorders at an early stage. Future research should assess the efficacy of interventions used to reduce cannabis use in UHR individuals upon first presentation to mental health services. For example, motivational interviewing and cognitive behaviour therapy have been found to be effective in reducing cannabis use among early psychosis groups (57) , although a randomised control trial in the UHR group is yet to be conducted. Longitudinal studies are also required to highlight any relationship between continued cannabis use and factors such as long-term outcome, functioning and symptoms over time.
Limitations
High levels of heterogeneity were observed for all estimates which likely reflect clinical and methodological differences between studies. We performed sensitivity analyses in which we removed each study in turn and found that this had a negligible impact on the heterogeneity statistics, indicating that the I 2 values were not the product of the inclusion of a single study but instead reflected wider between-study differences. These may have been driven by different recruitment strategies, study locations, sample demographics and instruments that were used to define and report substance use. We included studies of varied content and design, which meant there were subtle differences in the definition of cannabis use between studies. The inconsistent nature by which cannabis use is classified is a key limitation of many of the studies and may have had an effect on our results. For example, some studies referred to lifetime use as any previous use; therefore, this may have included people with previous heavy cannabis use as well as people who have tried it just once.
The majority of studies were rated as medium quality, with only one high-quality study included in the analyses. The major source of bias related to exposure measurement as many studies did not use an objective method to classify cannabis use (such as blood/urine testing). Due to the classification of cannabis as an illicit substance in many countries, individuals may have been reluctant to admit use, leading to underreporting among both the UHR and control comparator groups. Another source of bias was that many studies also failed to control for confounding variables, such as age, gender, use of other substances and frequency of cannabis use. As mentioned previously, we were therefore, unable to control for other substances in our metaanalysis. Cannabis users are more likely to use other substances; therefore, comorbid substance use may have accounted for higher rates of UTC/ suspiciousness. We also could not control for the strength or frequency of cannabis use, and the last time a person used cannabis.
Concluding remarks
Ultra high risk individuals have high rates of cannabis use and abuse which are significantly higher than HCs. Among UHR individuals, cannabis users have more severe unusual thought content and suspiciousness compared to non-cannabis users. The UHR phase represents an important opportunity to intervene, and targeting substance use at this stage may have significant benefits to an individual's long-term outcome. Clinicians should be aware of comorbid substance use disorders in young people at UHR for psychosis, and reduction in substance use should be a priority in youth mental health services.
